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DEC! S| ON DOCUVENT
TSCA SECTI ON 5(H) (4) EXEMPTI ON FOR
CLOSTRI DI UM ACETOBUTYLI CUM

SUMVARY

Clostridiumacetobutylicumis an anaerobic, saccharol ytic
and proteol ytic bacteriumthat has been isolated froma nunber of
environnents. The bacterium produces endospores which allows for
| ong-term survival in the environnent even in the presence of
oxygen. It exists in the biologically inactive spore stage in
soil s except when vegetative growth is stinulated by anaerobiosis
and ot her favorable growth conditions. Although other nenbers of
t he genus produce sone of the nost |ethal neurotoxins known, C
acetobutylicumis considered a benign m croorganism  Throughout
its long history of use for production of butanol and acetone,

t here have been no reports of adverse effects to human health or
the environment. It is not pathogenic or toxigenic to humans,
animals, or plants. The potential risks associated wth the use
of this bacteriumin fernmentation facilities are | ow

[ 1. BACKGROUND
A. | nt roducti on

EPA recogni zes that some m croorganisnms present a |low risk
when used under specific conditions at general comercial use.
Therefore, EPA is proposing expedited regulatory processes for
certain mcroorgani sns under these specific conditions at the
general commercial use stage. M croorgani smuses that woul d be
exenpt neet criteria addressing: (1) perfornmance based standards
for mnimzing the nunbers of m croorganisns emtted fromthe
manufacturing facility; (2) the introduced genetic material; and
(3) the recipient mcroorganism M croorganisnms that qualify for
t hese exenptions, terned Tier | and Tier |1, nust neet a standard
of no unreasonable risk in the exenpted use.

To evaluate the potential for unreasonable risk to human
health or the environnment in devel oping these exenptions, EPA
focuses primarily on the characteristics of the recipient
m croorganisns. |If the recipient is shown to have little or no
potential for adverse effects, introduced genetic materi al
nmeeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be low, EPA is also specifying procedures for
m ni m zi ng nunbers of organisns enmtted fromthe facility. Wen
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bal anced agai nst resource savings for society and expected
product benefits, these exenptions wll not present unreasonable
risks.

B. Criteria for Mnimzing Rel ease from Manufacturing
Facilities

The standards prescribed for the Tier | exenption require
the following: (1) the structure(s) be designed and operated to
contain the mcroorganism (2) access to the structure should be
limted to essential personnel, (3) inactivation procedures shown
to be effective in reducing the nunber of viable m croorgani sns
in liquid and solid wastes should be followed prior to disposal
of the wastes, (4) features to reduce mcrobial concentrations in
aerosol s and exhaust gases released fromthe structure should be
in place, and (5) general worker hygiene and protection practices
shoul d be fol |l owed.

1. Definition of structure. EPA considers the term
"structure" to refer to the building or vessel which effectively
surrounds and encl oses the m croorganism \Vessels may have a
variety of fornms, e.g., cubic, ovoid, cylindrical, or spherical,
and may be the fernentation vessel proper or part of the
downstream product separation and purification line. Al would
performthe function of enclosing the mcroorganism |In general,
the material used in the construction of such structure(s) woul d
be i nperneable, resistant to corrosion and easy to
clean/sterilize. Seans, joints, fittings, associated process
pi ping, fasteners and other simlar elenments would be seal ed.

2. Standards to mnimze mcrobial release. EPA s
proposi ng, for several reasons, a sonewhat cautious approach in
prescribing standards for mnimzing the nunber of m croorganisns
emtted through the disposal of waste and the venting of gases.
First, a wide range of behaviors can be displayed by
m croorgani snms nodi fied consistent wwth EPA's standards for the

i ntroduced genetic material. Second, EPA will not conduct any
revi ew what soever for Tier | exenptions. EPA believes the
requirenent to mnimze emssions wll provide a neasure of risk

reduction necessary for naking a finding of no unreasonable risk.
Taken together, EPA' s standards ensure that the nunber of
m croorgani sns emtted fromthe structure is mnimzed.

EPA' s proposed standards for mnim zing em ssions specify
that liquid and solid waste containing the m croorgani sns be
treated to give a validated decrease in viable mcrobial
popul ations so that at |east 99.9999 percent of the organi sns
resulting fromthe fernentation wll be killed. Since the
bacteria used in fernmentati on processes are usually debilitated,
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either intentionally or through acclimation to industrial
fermentation, the small fraction of m croorgani snms renaini ng
viabl e after inactivation treatnents will |ikely have a reduced
ability to survive during disposal or in the environnent.

Mor eover, industrial conpanies, in an attenpt to keep their
proprietary m croorgani sns fromconpetitors and to reduce the

m crobi al nunbers to those permtted by |ocal sanitation
authorities, nodify the mcroorganisns to increase the ability of
their mcroorganisnms to survive and performtheir assigned tasks
in the fermentor but decrease their ability to survive in the
envi ronnment external to the fernentor.

EPA requirenents al so address m croorgani sns in the exhaust
fromthe fernmentor and along the production line. To address
exhaust fromfernentors, EPA is proposing that the nunber of
m croorgani sns in fernentor gases be reduced by at |east two | ogs
prior to the gases being exhausted fromthe fernmentor. EPA
sel ected this nunber based on an estimate of the nunbers of
m croorganisns likely to be in the exhaust froman uncontroll ed
fermentor and common industry practice. Mreover, m croorgani sns
that are physiologically acclimated to the growh conditions
within the fernmentor are likely to be conpromsed in their
ability to survive aerosolization. EPA anticipates, therefore,
that few m croorganisns will survive the stresses of
aerosolization associated wth being exhausted in a gas fromthe
fermentor. The provision requiring reduction of m croorgani sns
in fermentor exhaust gases contributes to minimzing the nunber
of viable mcroorganisns emtted fromthe facility.

EPA is al so proposing that the requirenments specify that
ot her systens be in place to control dissem nation of
m croorgani sms by other routes. This would include prograns to
control pests such as insects or rats, since these m ght serve as
vectors for carrying mcroorgani sns out of the fernentation
facilities.

3. Worker protection. The requirenent to mnimze
m crobi al em ssions, in conjunction with the requirenment for
general worker safety and hygi ene procedures, also affords a
measure of protection for workers. Potential effects on workers
that exist with mcroorganisns in general (e.g., allergenicity)
will be present with the m croorgani sns qualifying for this
exenption. As wth other substances that humans may react to
(e.g., pollen, chemcals, dust), the type and degree of
all ergenic response is determ ned by the biology of the exposed
individual. It is unlikely that a mcroorganismnodified in
keeping wth EPA s specifications for the introduced genetic
mat eri al woul d i nduce a hei ghtened response. The general worker
hygi ene procedures specified by EPA shoul d protect nost




4

individuals fromthe allergenic responses associated with

m croorgani sns exhausted fromfernentors and/or other substances
emtted al ong the production line. The EPA requirenent that
entry be limted to essential personnel also addresses this
consideration by reducing to a mnimumthe nunber of individuals
exposed.

4. Effect of containnent criteria. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption. EPA is not specifying standards for mnim zing
t he nunber of mcroorganisns emtted fromthe facility for
m croorgani sns qualifying for Tier Il exenption. Rather, the
Agency requests that submtters utilize as guidance the standards
set forth for Tier | procedures. The procedures proposed by the
submtter in a Tier Il exenption request will be reviewed by the
Agency. EPA will have the opportunity to eval uate whether the
procedures the submtter intends to inplement for reducing the
nunber of organisns emtted fromthe facility are appropriate for
t hat m croorgani sm

C. | nt roduced Genetic Material Criteria

In order to qualify for either Tier | or Tier Il exenption,
any introduced genetic material nust be limted in size, well
characterized, free of certain nucleotide sequences, and poorly
nmobi | i zabl e.

1. Limted in size. |Introduced genetic material nust be
limted in size to consist only of the followng: (1) the
structural gene(s) of interest; (2) the regulatory sequences
permtting the expression of solely the gene(s) of interest; (3)
t he associ ated nucl eoti de sequences needed to nove genetic
material, including |linkers, honopol yners, adaptors, transposons,
i nsertion sequences, and restriction enzyne sites; (4) the
nucl eoti de sequences needed for vector transfer; and (5) the
nucl eoti de sequences needed for vector nmintenance.

The limted in size criterion reduces risk by excluding the
introduction into a recipient of extraneous and potentially
uncharacterized genetic material. The requirenment that the
regul atory sequences permt the expression solely of the
structural gene(s) of interest reduces risk by preventing
expressi on of genes downstream of the inserted genetic material.
The limtation on the vector sequences that are conponents of the
i ntroduced genetic material prevents the introduction of novel
traits beyond those associated with the gene(s) of interest. The
overall result of the |imted in size criterion is inproved
ability to predict the behavior of the resulting m croorgani sm
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2. Vll characterized. For introduced genetic nmaterial,
wel | characterized neans that the foll owi ng have been determ ned:
(1) the function of all of the products expressed fromthe
structural gene(s); (2) the function of sequences that
participate in the regulation of expression of the structural
gene(s); and (3) the presence or absence of associ ated nucl eoti de
sequences.

Wel | characterized includes know edge of the function of the
i ntroduced sequences and the phenotypi c expression associ at ed
with the introduced genetic material. Genetic material which has
been exam ned at the restriction map or sequence |evel, but for
whi ch a function or phenotypic trait has not yet been ascri bed,
is not considered well characterized. WII| characterized would
i ncl ude know ng whether nultiple reading franes exist wthin the
operon. This relates to whether nore than one biol ogical product
m ght be encoded by a single sequence, and addresses the
possibility that a nodified m croorgani smcould display
unpr edi cted behavi or should such nultiple reading franmes exi st
and their action not be antici pated.

3. Free of certain sequences. In addition to inproving
the ability to predict the behavior of the nodified
m croorganism the well characterized requirenent ensures that
segnents encoding for either part or the whole of the toxins
listed in the proposed regulatory text for the TSCA bi ot echnol ogy
rule would not inadvertently be introduced into the recipient
m cr oor gani sm

These toxins are pol ypeptides of relatively high potency.
O her types of toxins (e.g., nodified am no acids, heterocyclic
conpounds, conpl ex pol ysacchari des, glycoproteins, and peptides)
are not listed for two reasons. First, their toxicity falls
within the range of noderate to | ow. Second, these types of
toxins generally arise fromthe activity of a nunber of genes in
several netabolic pathways (nultigenic).

In order for a mcroorganismto produce toxins of nultigenic
origin, a large nunber of different sequences woul d have to be
i ntroduced and appropriately expressed. It is unlikely that al
of the genetic material necessary for netabolizing nultigenic
toxi ns woul d be inadvertently introduced into a recipient
m croorgani smwhen requirenents that the genetic material be
l[imted in size and well characterized are foll owed.

Simlarly, other properties that m ght present risk concerns
result fromthe interactive expression of a |arge nunber of
genes. For exanple, pathogenic behavior is the result of a |large
nunber of genes being appropriately expressed. Because of the
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conpl ex nature of behaviors such as pathogenicity, the
probability is Iow that an insert consisting of well
characterized, limted in size genetic material could transform
t he m croorgani sns proposed for exenption into m croorgani snms
whi ch di spl ay pat hogeni ¢ behavi or.

4. Poorly nobilizable. Poorly nobilizable neans the
ability of the introduced genetic material to be transferred and
nmobilized is inactivated, with a resulting frequency of transfer
of less than 10°® transfer events per recipient. The requirenent
that the introduced genetic nmaterial be poorly nobilizable
reduces potential for transfer of introduced genetic sequences to
other mcroorganisns in the environment. Such transfers would
occur through the interaction of the introduced m croorgani sm
w t h i ndi genous m croorgani snms through conjugation, transduction,
or transformation. Through such transfers, the introduced
genetic material could be transferred to and propagated within
di fferent popul ati ons of m croorgani sns, including m croorgani sns
whi ch may never previously have been exposed to this genetic
material. It is not possible to predict how the behavi or of
t hese potential recipient mcroorganisns wll be affected after
upt ake and expression of the genetic material.

Since EPAis not limting the type of organismthat can
serve as the source for the introduced genetic material, sonme
limtation is placed on the ability of the introduced genetic
material to be transferred. This limtation mtigates risk by
significantly reducing the probability that the introduced
genetic material would be transferred to and expressed by ot her
m cr oor gani sns.

The 108 frequency is attainable given current techniques.
Plasmids with transfer rates of 108 exist or are easily
constructed. Sone of the plasm ds nost commonly enpl oyed as
vectors in genetic engineering (e.g., pBR325, pBR322) have
nmobi | i zation/transfer frequencies of 108 or |ess.

The criteria set for "poorly nobilizable" for transduction
and transformati on shoul d not prevent nost m croorganisns from
nmeeting the exenption criteria, since the magjority of transfer
frequencies reported for transduction and natural transformation
are less than 108 Higher frequencies are likely only if the
i ntroduced genetic material has been altered or selected to
enhance frequency.

Fungal gene transfer has al so been considered in devel opnent
of the poorly nobilizable criterion. Although nobile genetic
el ements such as transposons, plasm ds and doubl e stranded RNA
exist in fungi and can be readily transferred, this transfer
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usually is only possible between nenbers of the sanme species
duri ng anastonosis, a process specific to fungi. Since
anastonosis only occurs between nenbers of the sane species, the
i ntroduced genetic material would not be transferred to distantly
related fungi as may occur with bacteri a.

5. Effect of introduced genetic material criteria. The
requi renents placed on the introduced genetic material, in
concert with the level of safety associated with dostridi um
acetobutylicum ensure that the resulting m croorgani sns present
| ow or negligible risk. The probability is low that the
insertion of genetic material neeting EPA's criteria into strains
of C. acetobutylicumw |l change their behavior so that they
woul d acquire the potential for causing adverse effects. R sks
woul d be mtigated by the four criteria placed on the introduced
genetic material, the relative safety of C acetobutylicum and
the inactivation criteria specified for the Tier | exenption. In
the case of Tier Il exenption, risks would be mtigated in |ight
of the four criteria placed on introduced genetic material, the
relative safety of C. acetobutylicum and EPA s review of the
condi tions sel ect ed.

D. Reci pient McroorganismCriteria

Six criteria were used by EPA to determine eligibility of
reci pient mcroorganisns for the tiered exenption.
M croor gani snms whi ch EPA finds neet these criteria are listed as
eligible recipients. The first criteria would require that it be
possible to clearly identify and classify the m croorgani sm
Avai | abl e genotypi c and phenotypic information should allow the
m croorganismto be assigned wi thout confusion to an existing
taxon which is easily recognized. Second, information should be
avail able to evaluate the relationship of the m croorganismto
any other closely related m croorgani sns which have a potenti al
for adverse effects on human health or the environnment. Third,
there should be a history of commercial use for the
m croorganism Fourth, the commercial uses should indicate that
the m croorgani sm products m ght be subject to TSCA jurisdiction.
Fifth, studies are available which indicate the potential for the
m croorgani smto cause adverse effects on human health and the
environnment. Sixth, studies are avail able which indicate the
survival characteristics of the mcroorganismin the environnent.

After each m croorgani smwas reviewed using the six
evaluation criteria, a decision was nade as to whether to place
the mcroorganismon the list. The Agency's specific
determ nation for Costridiumacetobutylicumis discussed in the
next unit.
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I11. EVALUATION OF CLOSTRI DI UM ACETOBUTYLI| CUM

A Hi story of Use

1. Hi story of safe commercial use. C acetobutylicum has
a long history of safe use in the industrial production of
acetone and butanol in fernmentation systens using naize mash,
nol asses, or other feedstocks. |In the 1950's and 1960's, the
| ower costs associated with chem cal |l y-produced sol vents and
shortages of feedstocks led to the closing of m crobial
production plants in the U S. and other countries. However, in
recent years, production of acetone and butanol by C.
acet obutylicum using agricultural and donestic wastes such as
whey, wood shavi ngs, bagasse, and rice straw has al so been
investigated. C. acetobutylicumis considered a Class 1
Cont ai nment agent under the NI H Cuidelines for Research Invol ving
Reconbi nant DNA Ml ecul es.

2. Products subject to TSCA. EPA has not yet received a
subm ssion for use of a strain of C acetobutylicum under TSCA
However, the solvents produced by C acetobutylicum
predom nantly acetic acid, butyric acid, acetone, and butanol,
are industrial chemcals that may have uses subject to TSCA. The
bacterium al so produces snmall anobunts of lactic acid, ethanol,
and succinate that could have uses subject to TSCA

B. Ildentification of the M croorgani sm

1. dassification. The genus dostridiumconsists of a
| arge nunber of species with a wi de range of biochem cal and
physi ol ogical traits. It has been suggested that the current
genus, which is not well-defined, be subdivided into six groups
because of its diversity. Al though the nunber of sinple
phenot ypi ¢ bi ochem cal tests required to differentiate C
acetobutylicumfromother species is quite large and not easily
performed, there are several basic reactions which will separate
C. acetobutylicumfromother species. Wthin the species of C
acetobutylicum the taxonony is sonewhat confusing. The five
nost commonly used strains differ widely with respect to their
grow h and their physiological, biochemcal, and fernentative
characteristics.

2. Related species of concern. Toxigenic nenbers of the
genus d ostridium produce sone of the nost |ethal neurotoxins
known, tetanus and botulinumtoxins. C botulinumis the causal
agent of both food-borne and infant botulism However, recently
t here have been reports of infant botulism caused by botulinum
t oxi ns produced by nontoxigenic clostridia, such as C. baratii

and C. butyricum




C. R sk Summary

1. Studies regarding potential for adverse effects. There
are reports indicating that C acetobutylicumis intermttently
part of the normal flora of the human col on, although it does not
appear to be a major conponent. There are no reports suggesting
the C. acetobutylicumhas the ability to produce mammal i an toxins
or enzynmes known to be associated with virulence. The nmgjor
threat to human health woul d be the acquisition of genes for
t oxi ns such as botulinumfromtoxigenic clostridia. Although
there is no evidence in the literature that C acetobutylicum can
acquire genetic material fromother bacteria, few studies on gene
transfer have been conducted with this mcroorganism It is
theoretically possible, therefore, that |ike other nontoxigenic
clostridia C acetobutylicumcould acquire the ability to produce
toxins fromtoxigenic clostridia.

There are no reports that C acetobutylicumis an aninmal or
a plant pathogen. However, C acetobutylicum produces a
bacteriocin near the end of the exponential growmh stage. This
bacteriocin is inhibitory to other C acetobutylicumstrains as
well as C felsineum Al though C. acetobutylicumfixes
at nospheric nitrogen, the anount of nitrogen fixed by this
organismin the environnent would probably be negligible, as it
is expected to be present predom nantly as spores.

2. Studies regarding survival in the environnent. No
studi es exist on the survival of C acetobutylicum specifically,
al though it has been isolated frommany environnents. C.
acetobutylicumis an obligate anaerobe and growh is inhibited in
the presence of oxygen. Typically C acetobutylicumexists
predom nantly as endospores which are quite resistant to adverse
envi ronnental conditions and can survive for nmany years.

| V. BENEFI TS SUMVARY

Substantial benefits are associated with this proposed
exenption. Cdostridiumacetobutylicum is already w dely
enpl oyed in general commercial uses, sone of which are subject to
TSCA reporting. The Agency believes this exenption will result
in resource savings both to EPA and industry w thout conprom sing
the level of risk managenent afforded by the full 90 day review
In addition to assessing the risk of C acetobutylicum EPA has
devel oped criteria limting the potential for transfer of and
expression of toxin sequences, and the conditions of use
specified in the exenption are net (Tier 1) or will be revi ewed
by EPA to ensure adequate risk reduction (Tier 11). EPA
requi renents for mnimzing nunbers of viable m croorgani sns
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emtted are within standard operating procedures for the

i ndustry, and both the procedures and the structures specified in
the exenption are the type industry uses to protect their
products from contam nati on

The exenption will result in reduced reporting costs and a
decrease in delay associated with reporting requirenents. The
savi ngs in Agency resources can be directed to review ng
activities and m croorgani sns which present greater uncertainty.
Thi s exenption should also facilitate devel opnent and
manuf acturing of new products and the accunul ati on of useful
i nformati on.

V. RECOVIVENDATI ON AND RATI ONALE
A. Recommendat i on

Clostridiumacetobutylicumis recommended for a TSCA section
5(h)(4) tiered exenption.

B. Rati onal e

1. Risks fromuse of the recipient mcroorgani sm
Costridiumacetobutylicumare low C acetobutylicumis a
beni gn m croorganism Industrial strains have a |long history of
safe use in the production of acetone and butanol with no
incidents of adverse effects to human health or the environnment.
There is a theoretical possibility that C acetobutylicum could
acquire toxin genes fromone of the toxigenic clostridia.
However, the likelihood of acquisition of a toxin gene by an
industrial strain of C. acetobutylicumw th a history of safe use
in an industrial setting is renbte, because care is taken to
prevent contam nation of the fernmentors by other m croorgani sns.
Under good industrial practices, fernentation workers woul d be
expected to be wearing protective clothing and participating in
good industrial hygi ene which would reduce the risk of exposure
to toxins potentially produced by C acetobutylicum Releases of
this m croorgani smwoul d not pose any significant ecol ogical
hazards, because this organismis already w despread in the
environnment and it is not pathogenic to aninmals or plants.

2. Use of strains of Costridiumacetobutylicumwhich are
eligible for the TSCA section 5(h)(4) exenption present no
unreasonable risk. C acetobutylicumpresents |low risk of
adverse effects to human health or the environnment. Because the
reci pient mcroorganismwas found to have little potential for
adverse effects, introduced genetic material neeting the
specified criteria would not likely significantly increase
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potential for adverse effects. As further assurance that risks
woul d be low, EPA is specifying procedures for mnimzing nunbers
of organisns emtted fromthe facility for the Tier | exenption
and will be reviewing the conditions selected for the Tier |
exenption. Wen bal anced agai nst resource savings for society
and expected product benefits, this exenption will not present
unr easonabl e ri sks.

REQUEST FOR COVWMENTS

The Ri sk Assessnment to support the proposal of Cdostridium
acetobutylicumas a candidate for the TSCA section 5(h)(4) tiered
exenption recomends that only asporogenic strains with a
sporul ation deficiency of at least 107 be eligible for the
exenption. This Decision Docunent recommends all strains of C
acetobutylicumfor this exenption. The recipient mcroorgani sm
C. acetobutylicumwas found to have little potential for adverse
effects. The probability is lowthat the insertion of genetic
material neeting EPA's criteria into such a mcroorganismwl|
change its behavior so that it would acquire the potential for
causi ng adverse effects. Therefore, there should be no need to
restrict this exenption to asporogenic strains.

However, because there is a discrepancy in the
recomendati ons of the Ri sk Assessnent and the Decision Docunent,
EPA requests conment on whether its current recomendation of al
strains of C. acetobutylicumas eligible for this exenption
should be nodified to limt the exenption only to asporogenic
strains.

Addi tionally, no data were avail able for assessing the
rel eases specifically fromfernentation facilities using C
acetobutylicum because commercial anaerobic fernmentation
processes are currently at the research stage of devel opnent.
The assessors indicated that rel eases froman anaerobic process
are expected to be no higher than those for an aerobic system
Therefore, for purposes of the R sk Assessnment for C
acetobutylicum the potential worker exposures and routine
rel eases to the environnment from|l arge-scal e, conventi onal
fermentati on processes were estimted based on the sane
i nformati on used for the aerobic m croorgani sns proposed for the
TSCA section 5(h)(4) exenption. EPA requests comrent on whet her
t he assunption that rel eases from an anaerobi c process woul d not
be hi gher than those for an aerobic process is an appropriate
assunption for the purposes of this assessnent. Anyone
possessing informati on on assessing rel eases from anaer obic
processes is encouraged to submt such information to EPA




Attachment 1:
| NTEGRATED RI SK ASSESSMENT OF
CLOSTRI DI UM ACETOBUTYLI CuM

I NTRCDUCTI ON

Clostridiumacetobutylicumis an anaerobic, saccharol ytic
and proteol ytic bacteriumthat has been isolated froma nunber of
environnents. The bacterium produces endospores which allows for
| ong-term survival in the environnent even in the presence of
oxygen. It exists in the biologically inactive spore stage in
soi |l s except when vegetative growh is stinulated by anaerobiosis
and ot her favorable growth conditions. Although other nenbers of
t he genus produce sone of the nost |ethal neurotoxins known, C.
acetobutylicumis considered a benign m croorganism  Throughout
its long history of use for production of acetone and butanol,

t here have been no reports of adverse effects to human health or
the environment. It is not pathogenic or toxigenic to humans,
animals, or plants. The potential risks associated with the use
of this bacteriumin fernmentation facilities are | ow

Hi story of Commercial Use and Products Subject to TSCA
Jurisdiction

C. acetobutylicumhas a long history of safe use in the
i ndustrial production of acetone and butanol in fernentation
systens using nmai ze mash, nol asses, or other feedstocks. Jones
and Whods (1986) have thoroughly docunented its history of use
for solvent production. Between 1912 and 1914, Wi zmann i sol at ed
a nunber of cultures capabl e of produci ng acetone and butanol,
the nost efficient of which was designated BY and | ater naned C.
acetobutylicum Wth the outbreak of World War | and the need
for acetone in nunitions manufacturing, a plant was erected in
Engl and in 1916, and several existing distilleries were recruited
for acetone production using nmaize as a substrate. However, the
German bl ockade affected the supply of grain which nade it
necessary to erect another plant where grain was nore readily
avai l able. An existing distillery in Canada was recruited for
acetone production using the Wi zmann process and strain. This
pl ant remained in operation until the end of the war. Wen the
United States entered the war in 1917, several plants were
established in Indiana. These plants were also closed at the end
of the war when the need for acetone di m nished. However, the
rapi dly expandi ng autonobile industry after the war created a
mar ket for butanol as a solvent in nitrocellulose | acquers for



car finishes. The plants in Indiana were reopened and additi onal
plants were built. In 1936, the patent on the Wi zmann strain
expired, and new plants were built in Baltinore, MD,

Phi | adel phia, PA, and in Puerto Rico. After 1936, acetone-
butanol fernmentation plants were al so constructed in Japan,

India, Australia, and South Africa. It is unknown whether these
additional plants utilized C. acetobutylicum or other
sol ventogenic clostridia. In the 1950's and 1960's, the | ower

costs associated with chem cally-produced sol vents and shortages
of feedstocks led to the closing of mcrobial production plants
inthe United States and in other countries. The plant in South
Africa which presumably utilized a strain of C. acetobutylicum
P262, remained in operation until the early 1980's (Jones and
Whods, 1986). It is unknown whether plants in other countries
are still in production. In recent years, production of acetone
and butanol by C. acetobutylicumin the utilization of
agricultural and donestic wastes such as whey, wood shavi ngs,
bagasse, and rice straw has al so been investigated (MNeil and
Kristiansen, 1986).

The sol vents produced by C. acetobutylicum predom nately
acetic acid, butyric acid, acetone, and butanol are industrial
chem cals that may be subject to TSCA. The bacterium al so
produces small anobunts of lactic acid, ethanol, and succinate
that could al so be subject to TSCA

[ 1. | DENTI FI CATI ON AND TAXONOWY
A. Overvi ew

C. acetobutylicumis a saccharolytic and proteol ytic
bacterium that has been isolated fromsoils, |ake sedinents, well
water, clamgut, and from bovine, canine, and human feces (Cato
et al., 1986). Although gram positive at early stages of growh,
it is pleonorphic at |ater stages. This bacteriumis rod-shaped,
notile by peritrichous flagella, and produces subterm nal
endospores. C. acetobutylicumis an obligate anaerobe, and
therefore, will not grow in the presence of oxygen. However,
vegetative cells may survive oxygen exposure for several hours
(Gottschal k et al., 1981). The resistant endospores produced by
this bacteriumenable it to survive in the environnent for many
years, even in the presence of oxygen. C. acetobutylicumis
capabl e of fixing atnospheric nitrogen, and sonme strains produce
i nduci bl e carboxynet hyl cellul ase and cel | obi ase enzynes (Cato et
al ., 1986).

B. Taxonony and Characterization
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The genus dostridium which was first described in 1880,
consists of a |large nunber of species with a wide range in
bi ochem cal and physiological traits (Cato et al., 1986). There
are only four criteria that need to be net for an isolate to be
assigned to the genus Costridium These are: (1) the ability
to form endospores, (2) anaerobic energy netabolism (3) the
inability for dissimlatory sulfate reduction, and (4) possession
of a grampositive cell wall (that may react gram negative)
(Andreesen et al., 1989). It has been suggested that the current
genus, which is not well-defined, be subdivided into six groups
because of its diversity (Cato and Stackebrandt, 1989).
According to Gottschalk et al. (1981), there is no standard
classification systemfor the genus Costridium and in many
cases wth the nonpat hogeni c species, the taxonom c descriptions
are inconplete and are based on single strains only.
Hi storically, species in the genus were defined nore on

functional grounds, i.e., their role in the environnment or
ability to cause human infection, rather than on a solid
phenotypi ¢ or genotypic basis. |In recent years, the species in

t he genus have been better delineated. C. acetobutylicumis
listed in Bergey's Manual of Systematic Bacteriology as a

di stinct species (Cato et al., 1986). Although the nunber of

si npl e phenotypi c biochem cal tests required to differentiate
this species fromothers is quite |arge and not easily perforned,
there are several basic reactions which will separate C
acetobutylicum fromthe human pat hogeni c species. The group of
hi stolytic clostridia, including C. perfringens and C.

hi stol yti cum and the major toxin producers, C. botulinumand C
tetani, all produce extracellular proteinase with gelatin as a
substrate while C. acetobutylicum does not. Therefore, there is
little chance of confusing C. acetobutylicumw th the nost

pat hogeni ¢ species of the genus (Edberg, 1991).

In regards to other nonpathogenic species, C acetobutylicum
supposedly can be differentiated fromC. baratii, as the latter
produces | arge anobunts of lactic acid in addition to acetic and
butyric acids. However, C. acetobutylicum does produce sone
lactic acid. Likew se, C. butyricum produces |arge anounts of
formc acid in addition to acetic and butyric acids, whereas C
acetobutylicum does not produce formc acid (Edberg, 1991).
However, McNeil and Kristiansen (1986) stated that the taxonony
of solventogenic clostridia based on end product analysis is an
unreliabl e neans of species classification because sol vent
production is a highly variable trait (CGeorge et al., 1983), and
sol vent production can change or be mani pul at ed depending on the
conposition of the fernmentati on nedi um

According to Johnston and CGol dfine (1983), rel ated
clostridial species could be separated by thin |ayer
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chr omat ogr aphy based on their principal phospholipids and the
degree of saturation of those lipids. |t appears, therefore,
that it may be possible to differentiate closely rel ated species
based on fatty acid and |ipid analysis. However, these nethods
are not routinely avail abl e nor have these nethods been applied
to industrial strains of C. acetobutylicum (Edberg, 1991).

Even within the species of C. acetobutylicum the taxonony
i s sonewhat confused. The five nost commonly used strains of C
acetobutylicumstrains differ widely with respect to their growth
and their physiological, biochemcal, and fernentative
characteristics (Wolley and Murris, 1990). It has been
suggested that there are at | east two groups within the species
(Wolley and Morris, 1990). There is apparently little DNA
honol ogy between the two proposed groups, the first of which
woul d consi st of strains NCIB 8052 and P262 (a w dely used
i ndustrial strain) and the other group which would contain the
type strain, ATCC 824, and DSM 1731 (Wolley, 1988). Note that
in the 1989 ATCC Cat al ogue of Bacteria and Phages (Gherna, 1989)
and in an earlier publication (Gottschal and Mrris, 1982), ATCC
824 and NCI B 8052 were stated as being identical strains, but in
t he above proposed classification, they would fall into different
DNA honol ogy groups. Strain N1-4, fornerly knowmn as C
sacchar oper but yl acet oni cum but presently designated as C.
acetobutylicum apparently does not fit well into either group.
Not all strains of C. acetobutylicum have been conpared for DNA
honol ogy, nor have phyl ogeni c studi es using RRNA sequenci ng been
done.

C. Related Species of Concern

The taxonom c uncertainty associated with C. acetobutylicum
is of concern in that closely related nontoxigenic clostridia
have acquired the ability to produce toxins. Toxigenic nmenbers
of the genus produce sone of the nost |ethal neurotoxins known,
tetanus and botul i num toxins (Shone and Hanbl et on, 1989).
Typically, C botulinumis the causal agent of both food-borne
and infant botulism In food-borne botulism the pre-existing
toxin is ingested and absorbed. In infant botulism there is
coloni zation and nmultiplication of the organismin the intestinal
tract of the infant, where the toxin is then produced and
absorbed (Hall et al., 1985). Recently, there have appeared
three reports of infant botulism caused by botulinumtoxin types
E and F, that were produced not by C botulinum but by
nontoxi genic clostridia. 1In these three cases, typically
nonpat hogeni ¢, nontoxi genic organisns identified as C. baratii
and C. butyricumwere shown to be capabl e of producing the
botulismtype F and type E toxins, respectively, (Hall et al.
1985; McCroskey et al., 1986; Aureli et al., 1986). However, as
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previously stated, it is possible to taxonom cally distinguish C
acetobutylicumnot only fromthe toxigenic species such as C.
botulinumand C. tetani, but also fromother closely related

sol vent ogeni ¢ species such as C. butyricumand C baratii.

1. HAZARD ASSESSIVENT
A. Human Heal th Hazards

There are several reports in the literature that suggest
that C. acetobutylicumis, at least intermttently, part of the
normal flora of the human col on, although it does not appear to
be a maj or conponent (MNeil and Kristiansen, 1986; Jones and
Wods, 1986; Awang et al., 1988). Except for its isolation from
human feces, C acetobutylicum has not been associated with
humans. There are no reports in the literature suggesting that
C. acetobutylicumhas the ability to produce manmal i an toxi ns,
nor does it produce enzynes known to be associated with
virulence. It apparently does not produce any extracellul ar or
intracellular materials that would be toxic to humans. A search
of a list of toxic substances produced by bacteria failed to
reveal this species (GII, 1986). Since C. acetobutylicum
apparently produces no virulence factors, one woul d expect an
extraordinarily | arge nunber of mcroorganisns to be required to
cause even a superficial infection (Edberg, 1991).

The major threat to human health woul d be the acquisition of
toxi n production genes from botulismtoxin-produci ng nenbers of
the genus. As nentioned previously, closely related species, C.
baratii and C. butyricum have been shown to acquire the botulism
toxin production genes fromclostridial pathogens. An isolate of
C. baratii was repeatedly isolated fromthe stool of an infant
suffering frominfant botulism (Hall et al., 1985). MCroskey et
al. (1986) and Aureli et al. (1986) described the isolation of C
butyricumfrominfants with type E botulism The Center for
Di sease Control further analyzed these strains of C. baratii and
C. butyricum and confirned that they did, in fact, produce type F
and type E neurotoxins that were simlar to, or indistinguishable
from those produced by C. botulinum G nenez and Sugi yama
(1988) studied the type E toxin produced by C. butyricum and
found it was very simlar to that produced by C. botulinum and
that the LD,, for mce and the i mmnol ogi cal cross-reactivity
were extrenmely simlar. The identification of both these
organi snms in question was confirnmed by DNA reassoci ation studies
wth the type strains fromthese species (Suen et al., 1988).
Therefore, it appears that closely related clostridial species
can acquire the ability to produce botulinumtoxins. Presunably,
these toxins are coded for by extrachronosonal el enents such as
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pl asm ds. Although there is no evidence in the literature that
C. acetobutylicumcan acquire genetic material from other
bacteria, few studies on gene transfer have been conducted with
this mcroorganism It is theoretically possible, therefore,
that C. acetobutylicum like C. baratii and C butyricum could
acquire the ability to produce toxins fromtoxigenic clostridia.

I nffant botulism however, is a rare disease. The Center for
D sease Control estimates that there are approxi mately 100
confirmed cases of infant botulismper year. It seens renote
that the events necessary for an infant to acquire botulismfrom
C. acetobutylicumwould occur in an industrial setting. First,
the strain would have to acquire the genetic basis to elaborate a
botulinumtoxin. Second, an infant present in the fernmentation
facility would have to ingest a | arge nunber of spores with the
ability of the spores to formviable vegetative cells in the
i mmature pediatric gastrointestinal system Good industrial
practices would certainly preclude the presence of infants in
fermentation facilities. Consequently, the concern for infant
botulismfromthe industrial use of this species is renote
(Edberg, 1991).

There is, however, also a condition known as wound botulism
follow ng trauma, whereby a | arge nunber of spores are inocul ated
into an open wound. Typically, this disease is caused by
Costridiumbotulinum |If C acetobutylicumstrains acquired the
ability to produce botulismtoxin as did the other nonpathogenic
speci es nenti oned above, there is a possibility that high
concentrations of vegetative cells or spores could accidentally
be inoculated into a wound. However, good worker hygi ene,

i ncluding use of protective clothing, should mtigate this
concern.

The |ikelihood of toxin acquisition by an industrial strain
with a history of safe use in an industrial setting seens renote.
The only concern is that new strains or environnmental isolates of
C. acetobutylicum may have had contact with clostridial pathogens
and acquired toxin-production genes. It may be prudent for the
manuf acturer to screen culture supernatants at |ate | og phase of
growm h for the production of botulismtoxins (Edberg, 1991).
Since it is highly unlikely that C. acetobutylicumwould acquire
bot ul i num toxi n genes, the overall human health risk of C
acetobutylicumis m niml (Edberg, 1991).

B. Envi ronnment al Hazards

1. Hazards to Aninals
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There are no reports in the literature suggesting that C.
acetobutylicumis an ani mal pathogen (MO ung, 1991), and it is
not listed as such in a review of animal pathogens by Hil
(1981). As nentioned above, C acetobutylicum has not been shown
to produce any toxins, enzynmes, or virulence factors typically
associated wth manmal i an toxicity or pathogenicity (Edberg,
1991).

The only renote hazard to aninmals would be the acquisition
of botulismtoxin genes as shown for closely related
sol ventogenic clostridia. Botulismtoxins have been shown to be
toxic to mce (Cato et al., 1986), and the supernatant culture
fluid fromstrains of type E botulismtoxin-producing C
botul i numwere toxic to gallinaceous birds (pheasants, turkeys,
grouse, and donestic fow) (Goss and Smth, 1971).

2. Hazards to Pl ants

There are no reports in the literature indicating that C
acetobutyli cum has any adverse effects on plants. No nenbers of
the genus Costridiumare |isted as plant pathogens according to
t he Federal Plant Pest Act (7 CFR 330, et seq.)

3. Hazards to G her M croorgani sns

C. acetobutylicum (P262) produces a bacteriocin (Barber et
al ., 1979) near the end of the exponential growh stage.
Bacteriocins are usually thought to have bactericidal action
agai nst the sane species or other clostridial species. Barber et
al. (1979) reported that this bacteriocin had inhibitory effects
agai nst nenbers of the sane species and agai nst one ot her
clostridial species, C. felsineum The bacteriocin fromC.
acet obutyl i cum (P262) was not inhibitory to Achronobacter,
Escherichia coli, Serratia marcescens, Sal nonella typhinmurium
or Bacteroides fragilis (Barber et al., 1979). Soucaille and
Goma (1986) reported that a bacteriocin obtained fromC.
acetobutylicumstrain ATCC 824 was simlar to that obtained from
strain P262 (Barber et al., 1979). The bacteriocin from ATCC 824
was not inhibitory to Corynebacteriumglutamcum E. coli
Proteus mrabilis, Aerobacter aerogenes, or Zynononas nobilis,
but was inhibitory to C. butyricum and nenbers of the famly
Baci | | aceae including Bacillus subtilis and B. negaterium
(Soucaille and Goma, 1986). The production of bacteriocins in
the environnment by C. acetobutylicumwould not be likely to be of
concern. Although C. acetobutylicumis expected to survive in
the environnent, it wll exist predom nantly as spores rather
than as vegetative cells since it is obligately anaerobic. Even
if bacteriocins are released into the environment with spent
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fermentati on wastes, there is still little environnental concern
due to the high nunbers of bacilli typically found in soils. The
| evel s of nmenbers of the genus Bacillus are thought to range

bet ween 10° - 107 per gram of soil (Al exander, 1977). In

addition, C acetobutylicumis w despread in the environnent.
Under sone conditions, population |levels of 10° clostridia per
gram of soil have been found (Al exander, 1977).

4. Hazar ds Posed to O her Processes

Al though C. acetobutylicumfixes atnospheric nitrogen, the
anount of nitrogen fixed by this organismin the environnment
woul d probably be negligible, as it is expected to survive
predom nately as spores. |In addition, the anmount of nitrogen
fixed by nonsynbiotic mcroorganisns is relatively small conpared
to synbiotic associations. The nunbers of N,-fixing clostridia
in arable soils range from 10? to 10° per gram of soil, of which
C. acetobutylicumis thought to be one of three prom nent species
(Al exander, 1977). However, in the environnent, nitrogen
fixation rates would not be expected to be appreciable, as the
efficiency of nonsynbiotic nitrogen fixation is | ow and energy
sources are scarce.

Sone strains of C acetobutylicum produce cell ul ases which
enable the fernentation of sone feedstocks, but this does not
appear to be a potential environnental hazard since this organi sm
al ready exists in the environnent (Al exander, 1977), and survival
woul d nost likely be in the spore stage.

V. EXPOSURE ASSESSMENT
A, Worker Exposure

C. acetobutylicumis considered a Cass 1 Contai nnent Agent
under the National Institute of Health (NIH) Cuidelines for
Research I nvol vi ng Reconbi nant DNA Ml ecul es (U.S. Departnent of
Heal th and Human Servi ces, 1986).

According to Reilly (1991) no data were avail able for
assessing the rel eases specifically fromfernmentation facilities
using C. acetobutylicum because comerci al anaerobic fernentation
processes are currently at the research stage of devel opnent.

The rel eases from an anaerobic process are expected to be no

hi gher than those for an aerobic system (Reilly, 1991; Macek,
1992). Therefore, for purposes of this assessnent, the potential
wor ker exposures and routine releases to the environnent from

| ar ge-scal e, conventional aerobic fernmentation processes
estimated on information avail able from ei ght premanufacture
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notices submtted to EPA under TSCA Section 5 and from publi shed
information coll ected from non-engi neered m croorganisns wll be
used (Reilly, 1991). These values are based on reasonabl e worst -
case scenarios and typical ranges or values are given for

conpari son.

During fernmentati on processes, worker exposure is possible
during | aboratory pipetting, inoculation, sanpling, harvesting,
extraction, processing and decontam nati on procedures. A typical
site enploys less than 10 workers/shift and operates 24 hours/day
t hroughout the year. N OSH has conducted wal k-t hrough surveys of
several fernentation facilities in the enzyne industry and
monitored for mcrobial air contam nation. These particul ar
facilities were not using reconbi nant m croorgani snms, but the
processes were considered typical of fernentation process
technol ogy. Area sanples were taken in |ocations where the
potential for worker exposure was considered to be potentially
greatest, ie. near the fernentor, the seed fernentor, sanpling
ports, and separation processes (either filter press or rotary
drumfilter). The workers with the highest potential average
exposures at the three facilities visited were those involved in
air sanpling. Area sanples near the sanpling port reveal ed
average airborne concentrations ranging from350 to 648 cfu/n?
Typically, the Chem cal Engi neering Branch would not use area
monitoring data to estimate occupati onal exposure |evels since
the correlation between area concentrati ons and worker exposure
is highly uncertain. Personal sanpling data are not avail abl e at
the present tine. Thus, area sanpling data have been the only
means of assessing exposures for previous PM bi ot echnol ogy
subm ssions. Assum ng that 20 sanples per day are drawn and t hat
each sanple takes up to 5 mnutes to collect, the duration of
exposure for a single worker will be about 1.5 hours/day.
Assumi ng that the concentration of mcroorganisns in the worker's
breat hi ng zone is equivalent to the levels found in the area
sanpling, the worst-case daily inhal ati on exposure is estimted
to range up to 650 to 1200 cfu/day. The uncertainty associ ated
with this estinmated exposure value is not known (Reilly, 1991).

B. Environnental and CGeneral Exposure

1. Fate of the Organi sm

No studies exist inthe literature on the survival of C
acetobutylicum specifically, although it has been isolated from
many environnments (Cato et al., 1986). This bacteriumis an
obl i gate anaerobe and growth is inhibited in the presence of
oxygen. However, vegetative cells can survive exposure to oxygen
for several hours (Gottschalk et al., 1981). Typically, C
acet obutyl i cum exi sts as endospores which are quite resistant to
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adverse environnmental conditions and can survive for many years.
Al t hough no specific survival studies exist on this bacterium
its wi despread presence in nature, its ability to col onize
anaer obi c environnents, and the resistance of its endospores
indicate that released mcroorganisns are |likely to survive
out si de of containnment (Versar Inc., 1992).

2. Rel eases

Estimates of the nunmber of viable C. acetobutylicum
organi sns rel eased per production batch are presented in Table 1
All cal cul ations are based on the use of asporogenic strains,
with a sporul ation deficiency of 100°. The minimally controll ed
scenari o assunmes no treatnent of fernentor off-gas and assunes a
2 log reduction relative to the maxi numcell density of the
fermentation broth resulting frominactivation (Reilly, 1991).
The full exenption scenario assunes the use of in-line filters to
treat vent gases and a 99%renoval efficiency under nornma
operating conditions. It also assunes an overall 6 |og reduction
relative to the maxi numcell density of the fernentation broth
resulting frominactivation steps (Reilly, 1991).

TABLE 1. Estinmated Nunber of Viable C ostridium acetobutylicum
Organi sns Per Production Batch

Mninmally Ful
Rel ease Medi a Controll ed Exenpti on Rel ease
(cfu/ day) (cfu/day) (days/ year)
Air Vents 2x108 - 1x10% 2x10° - 1x10° 350
Rotary Drum Filter 250 250 350
Surface Water 7x10% 7x10° 90
Soi | / Landfil | 7x10% 7x10% 90

Source: Reilly, 1991

In addition to the rel eases estinmated in Table 1, spores
woul d be released at a rate of 1.7 X 10 spores/day in solid
wastes and 2 X 10® spores/day in agueous wastes assuming that the
strains are asporogenic with a sporul ation deficiency of 107
(Versar Inc., 1992). In addition, these estinmtes are worst-case
estimates that assune that the inactivation procedure is not
effective for those spores produced by sporul ation deficient
strains and the separation efficiency for the rotary drumfilter
is 99 percent (Reilly, 1991).
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3. Ar

There are no specific data which indicate the survivability
of C. acetobutylicumin the atnosphere after release. Although
this organi smexhibits an intol erance towards oxygen and woul d
not be expected to proliferate under aerobic conditions, it has
been found to survive oxygen exposure for several hours
(Gottschalk et al., 1981). This and its ability to produce
spores suggests that survival may occur outside of contai nnent
(Versar Inc., 1992).

Rel eases to air fromfernentor off-gas could potentially
result in nonoccupational inhalation exposures due to point
source releases. To estinmate exposures fromthis source, the
sector averaging formof the Gaussian al gorithm described in
Turner (1970) was used. For the purposes of this assessnent, a
rel ease height of 3 neters and downward contact at a di stance of
100 neters were assuned. Assuming that there is no renoval of
organi sns by additional treatnent of off-gases, potential human
i nhal ati on dose rates are estimated to range from3.0 X 10% to
1.5 X 10° cfu/year for nminimally controlled systens and 3.0 X 10!
to 1.5 X 10* cfu/year for systens with full exenptions. It
shoul d be noted that these estinmates represent hypothetical
exposures under reasonabl e worst-case conditions.

4. Wat er

The concentrations of C. acetobutylicumin surface waters
were estimted using streamflow val ues for water bodies
recei ving process wastewater discharges fromfacilities within
SI C code 283 (drugs, nedicinal chem cals, pharmaceuticals). The
surface water release data (cfu/day) shown in Table 1 were
di vided by the stream flow values to yield a surface water
concentration of the organism (cfu/L). The streamflow val ues
for SIC Code 283 were based on di scharger |location data retrieved
fromthe Industrial Facilities D scharger (IFD) database on
Decenber 5, 1991, and surface water flow data retrieved fromthe
RXGAGE dat abase. Fl ow val ues were obtained for water bodies
recei ving wast ewat er di scharges from 154 indirect (facilities
that send their waste to a POTW and direct dischargers
(facilities that have a NPDES permt to discharge to surface
water). Tenth percentile values indicate flows for smaller
rivers within this distribution of 154 receiving water flows, and
50th percentile values indicate flows for nore average rivers.
The fl ow val ue expressed as 7QL0 is the | owest flow observed over
seven consecutive days during a 10-yr. period. The use of this
met hodol ogy to estimate concentrations of C. acetobutylicumin
surface water assunes that all of the discharged organisns
survive wastewater treatnent and that growth is not enhanced by
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any conponent of the treatnent process. Table 2 gives the
estimated concentrations of C. acetobutylicumin surface water
for mnimally controlled and full exenption scenarios (Versar,
1992) .

TABLE 2. dostridiumacetobutylicum Concentrations
in Surface Water

Recei vi ng
Fl ow St ream Fl ow Organi sns
(M.D*) (cfull)
Mean Q710 Mean Q710

Mnimally Controlled

10th Percentile 156 5. 60 4.5x10° 1. 25x10°

50th Percentile 768 68. 13 9. 11x10% 1. 03x10°
Ful | Exenption

10th Percentile 156 5. 60 4.5x10? 1. 25x10°

50th Percentile 768 68. 13 9. 11x10° 1. 03x10°

*MD = mllion liters per day
Source: Versar, 1992

The concentrations of C. acetobutylicumspores in surface
wat er were al so estinmated using the nethodol ogy and assunpti ons
descri bed above. Estinmated concentrations of spores in surface
water are presented in Table 3.

TABLE 3. Concentrations of C ostridium acetobutylicum
spores in surface water

Spor es/ |
Fl ow
Mean 7QL0
| Oth Percentile 1.28x10° 3. 57x10?
50th Percentile 2.60x10" 2.93x10°
Source: Versar, 1992
5. Soil
Since soil is a natural habitat for C acetobutylicum | ong-

termsurvival in soil may be expected to occur, particularly
under anaerobic conditions. The resistant endospores forned
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coul d pronote survival for years, even under aerobic conditions.
Human exposures via dermal and ingestion routes, and

envi ronnment al exposures (i.e., to terrestrial, avian, and aquatic
organi snms via runoff) may occur at the discharge site because of
the potential establishnent of C. acetobutylicumw thin the soil.
V. I NTEGRATI ON OF RI SK

A. Di scussi on

C. acetobutylicumis a common soil proteolytic and
saccharol ytic bacteriumwhich is wi despread in nature.
Popul ation |l evels of <clostridia, of which C. acetobutylicumis
t hought to predominate, range from 10%> to 10° per gram of soil.
This bacteriumis obligately anaerobic inplying growh only under
reduci ng condi tions, although the vegetative cells have been
shown to survive for several hours with oxygen exposure. It
exi sts predom nately in the environnent as endospores which are
quite resistant to adverse environnental conditions such as heat,
desiccation, low nutrient status, and aerobic conditions.
Rel eases fromthe fernmentation facility of vegetative cells into
reduci ng environnents, or of spores into any environnment, woul d,
nost likely, result in survival of the bacterium

There are no reports of ecological or human heal th hazards
caused by C. acetobutylicum This bacteriumis not thought to be
a pat hogen of either plants or aninmals. |t does not produce any
toxi ns, enzynes, or virulence factors normally associated with
manmmal i an toxicity. Although it can, intermttently, occupy the
human intestines, it is not thought to be a major conponent of
the normal human flora. Except for its isolation from human
feces, it is not otherw se associated with humans.

The only potential risk associated wth C. acetobutylicumis
the possibility of acquiring toxin-producing genes from
pat hogenic clostridia. dCostridiumbotulinumand C tetan
produce sone of the nost |ethal neurotoxins known. There are no
reports in the literature indicating that C acetobutylicum can
acquire these toxin genes. However, other closely related
sol vent ogeni ¢, nontoxigenic clostridia have acquired the ability
to produce botulismtoxin types E and F. There are three cases
of infant botulismwhich were caused by a strain of C. baratili
and two strains of C. butyricum The botulismtoxins produced by
these typically nontoxigenic clostridia were indistinguishable
fromthe botulismtoxins produced by C. botulinum The toxin
genes in C. botulinumare presumably coded for by
extrachronosonmal el enments such as plasmds. It appears that the
nonpat hogeni ¢ C ostridi um speci es acqui red the toxin-producing
genes from C. botulinum Although there are no reports indicating
that C. acetobutylicumcan acquire toxin genes, only a limted
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nunmber of gene transfer studies have been conducted with this
bacterium It is theoretically possible that C. acetobutylicum
coul d acquire botulismtoxin genes.

The only concern for the acquisition of botulismtoxin genes
lies with the use of strains or environnental isolates that may
have been in contact wth the toxigenic bacteria. The |ikelihood
of acquisition of a toxin gene by an industrial strain of C
acetobutylicumw th a history of safe use in an industria
setting is renote due to the fact that care is taken to prevent
contam nation of the fernmentors by other m croorgani sns. The
only cases in which the closely rel ated nontoxigenic clostridia
acquired the toxin genes involved infant botulism The
condi ti ons needed for devel opnent of infant botulismwould not
occur in fernentation facilities as exposure to |arge nunbers of
spores directly by the infant is necessary. Wund botulism of
i ndustrial workers is also highly unlikely since | arge nunbers of
vegetative cells or spores need to be inoculated into an open
wound. Under good industrial practices, the fernentation workers
woul d be expected to be wearing protective clothing and
participating in good industrial hygiene which would allay this
risk of infection given an accidental spill. Al of these
scenarios for botulismtoxicity are dependent on the acquisition
of the toxin gene by the organismwhich is theoretically
possi bl e, but has never been shown.

I ndustrial strains of C. acetobutylicum have a |ong history
of safe use in the production of acetone and butanol with no
i ncidents of adverse effects to human health or the environnment.
This organismis considered benign, and the only associ ated
potential hazard with it is the theoretical possibility of
acqui sition of botulismtoxin genes fromtoxigenic clostridia.
Toxi n acqui sition has never been reported for this particular
species, and the likelihood is renote, especially in an
industrial setting where efforts are taken to mnim ze
contam nants of the fernentation. |If released into the
environnment, this bacteriumis expected to survive, predom nately
as resistant spores except under anaerobic conditions. However,
natural l y-occurring C. acetobutylicumstrains are w despread in
the environnment, and the limted exposure resulting fromthe use
of C. acetobutylicumin fernentation facilities will not affect
t he popul ation size of this species in the environment. Both the
hazard and the exposure associated with the use of C
acetobutylicumare low. Therefore, the risks to human health and
t he environnment associated with the use of this mcroorgani smare
| ow.

B. Recommendat i ons
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Asporogeni c strains, with a sporul ation deficiency of 107,
of Cl ostridiumacetobutylicumare recomended for the tiered
exenpti on.
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